In 2005, gall midge larvae (Diptera: Cecidomyiidae) were found infesting flower buds of bitter gourd, Momordica charantia (Cucurbitaceae), in Okinawa and orchids, Dendrobium spp. (Orchidaceae), in Fukuoka and Miyazaki Prefectures, Japan. On the basis of morphological features and molecular data of mitochondrial cytochrome oxidase subunit I region, we identified all these gall midges as an invasive species, Contarinia maculipennis, which is a polyphagous pest infesting flower buds of various plant species across seven botanical families. In Japan, it was first detected in 1989 in orchid greenhouses on Okinawa Island. Since then, we have been concerned an injury by the gall midges to bitter gourd in the field because bitter gourd is one of the most important cash crops in Okinawa. Another anxiety has been that it may invade other parts of Japan directly from Southeast Asia. These concerns were realized in 2005. We urgently warn those who are responsible for orchid growing, international trading, and inspection, against the transporting potentially infested plants from country to country and from locality to locality within a country. We also emphasize a necessity to investigate the host range of C. maculipennis in Japan.
INTRODUCTION
Contarinia maculipennis Felt (Diptera: Cecidomyiidae) is a polyphagous pest, infesting flower buds of orchids, Dendrobium phalaenopsis Fitzgerald (Orchidaceae), bitter gourd, Momordica charantia L. (Cucurbitaceae), and other cultivated plants (Gagné, 1995; Uechi et al., 2003) . This species is multivoltine. According to the observation by Jensen (1950) in Hawaii, the eggs are laid inside the flower buds and hatch within five to seven days. The larvae mature within five to seven days, then enter the soil, where they pupate. Adults normally emerge 14 days after the larvae enter the soil. Therefore, C. maculipennis requires 24-28 days to complete one generation in Hawaii. Although C. maculipennis was first recorded from Hawaii, Gagné (1995) suggested that it originally came from Southeast Asia because the same species was found in Florida on orchids imported from Thailand. This gall midge has been repeatedly intercepted from plants imported from Southeast Asia at sea-or airports in Japan, the Netherlands, and the USA (Tokuda et al., 2002; . Among cecidomyiid pests, C. maculipennis has been most frequently found under plant quarantine inspection at Japanese sea-and airports during the period from 2000 to 2005 (Iwaizumi et al., 2007) . In Japan, C. maculipennis was discovered in 1989 infesting the flower buds of D. phalaenopsis in several greenhouses on Okinawa Island, and the gall midge infestation has been found in many orchid greenhouses in Okinawa Prefecture (Yasuda and Uehara, 1994; Tokuda et al., 2002) . Infested flower buds of orchids usually remain closed and eventually drop to the ground. Even when lightly infested flower buds manage to open, the petals are conspicuously damaged, so that the orchids have no commercial value (Tokuda et al., 2002) . We have heard that some growers in Okinawa Prefecture have been stopping to cultivate orchids due to the infestation by the gall midge and other economical reasons.
We and farmers in Okinawa have been concerned that C. maculipennis may infest not only orchids in greenhouses but also bitter gourd in the field because bitter gourd is one of the most important cash crops in Okinawa and one of the known hosts of the gall midge in Hawaii . Another anxiety has been that C. maculipennis may invade other parts of Japan directly from Southeast Asia because gall midge larvae can be easily transported with cut flowers and soil or other substrates covering the roots of host plants . Like various invasive insects pointed out by Kiritani (2003) , increased importation of orchids in recent years has been providing the gall midge with opportunities to spread to other parts of Japan. Unfortunately, our anxieties on both counts were realized in 2005. In this paper we report the occurrence of C. maculipennis on bitter gourd in Okinawa and on orchids in Fukuoka and Miyazaki Prefectures on the basis of morphological study and DNA analysis. We also urgently warn those responsible for orchid growing, international trading, and inspection against the dangers of accidental international and internal transfer of the polyphagous gall midge that has a potential to infest the other cultivating crops.
MATERIALS AND METHODS
Collection of specimens suspected to be C. maculipennis. On 22 August 2005, 17 gall midge larvae were obtained from 181 flower buds of bitter gourd collected from Bise, Motobu Town on Okinawa Island (Fig. 1) . In September 2005, gall midge larvae attacking flower buds of D. phalaenopsis were found in an orchid greenhouse in Naganobu, Hirokawa Town, Fukuoka Prefecture ( ities on Okinawa Island where this gall midge had been found previously (Fig. 1) .
Preservation of specimens. The flower buds collected from different host plants and from different localities were kept separately in plastic containers (10 cm diameter, 10 cm height). Most larvae that came out of the flower buds in each container were put into 70-75% ethanol for morphological observation or 99.5% acetone for DNA analysis. The remaining larvae were maintained in the plastic containers with fine vermiculite to rear adult midges. When adults emerged, they were preserved in 75% ethanol.
Morphological observation. Some of the ethanol-preserved specimens were mounted on slides in Canada balsam for microscopic study based on the techniques outlined both in Yukawa (1971) and in Gagné (1989) . Relative length of the first and second flagellomeres, the circumfilar loops of male flagellomeres, wing length and pattern, male genitalia, larval sternal spatula and its associated papillae, and larval eighth abdominal segments were compared with those of C. maculipennis that had been identified in Tokuda et al. (2002) and its congeners redescribed by Gagné (1995) . Anatomical terminology of the adult stage follows usage in McAlpine (1981) and that of the larval stage follows that in Gagné (1989) . Most slide mounted specimens used in this study are kept in the collection of the Entomological Laboratory, Faculty of Agriculture, Kyushu University, Fukuoka, Japan and some are in the collection of Okinawa Prefectural Agricultural Research Center, Okinawa, Japan. Molecular analysis. At least two larvae of each gall midge population from respective host plants in one locality were used for DNA analysis (Table  1) . For every larva, total DNA was extracted from the whole body with the Dneasy tissue kit (Qiagen, Japan), following the manufacturer's instructions. A region of the cytochrome oxidase subunit I (COI) gene of mitochondrial DNA was amplified, purified, sequenced and electrophoresized following the methods described by Yukawa et al. (2003) . The primers used for the amplification of the COI region were as follows: forward, 5Ј-GGATCACCT-GATATAGCATTCCC-3Ј (COIS) and reverse, 5Ј-GGTAAAATTAAAATATAAACTTC-3Ј (COIAЈ). These primers have been effectively used for many gall midges to determine intra-and interspecific relations (e.g., Uechi et al., 2003) . Both strands of the PCR products were sequenced.
In addition, the sequence data of C. maculipennis that are available from DNA databanks were included in the analysis. These are: individuals collected from Dendrobium pharaenopsis in Okinawa, Japan; Thailand; and Hawaii, USA; and those from Momordica, Lycopersicon, and Capsicum in Hawaii, USA (Table 1) .
The following cecidomyiids were used as out- Table 1 . The sequence data were analyzed with the neighbor-joining (NJ) method using the software package PHYLIP version 3.573c (Felsenstein, 1993) . Evolutionary distances were calculated by Kimura's two-parameter distances (Kimura, 1980) . The resulting tree was subjected to bootstrap analysis (Efron, 1982; Felsenstein, 1985) with 1,000 replications for the NJ tree.
RESULTS

Observation of morphological features
Contarinia maculipennis is characterized and distinguished from other congeners by having the first female flagellomere with the length of the basal enlargement 1.8 to 1.9 times as long as that of the second flagellomere (Gagné, 1995) . All female specimens obtained from M. charantia in Okinawa and Dendrobium spp. in Fukuoka and Miyazaki had this morphological feature (see Gagné, 1995 and Tokuda et al., 2002 , for the figure of flagellomeres). In addition, other morphological characteristics, such as the unequal circumfilar loops of male flagellomeres, wing length and pattern, male genitalia, larval sternal spatula and its associated papillae, and larval eighth abdominal segments, coincided with those of C. maculipennis that had been collected from Dendrobium spp. in Okinawa (Tokuda et al., 2002) .
Molecular analysis
The length of the amplified mitochondrial COI gene fragment was 439 bp. Because five individuals from orchids in Shima Town could not be amplified with the primer set, COIS and COIAЈ, they were not used for phylogenetic analysis. In the NJ tree based on the COI sequence data, the monophyly of the remaining gall midges from orchids, bitter gourd, and the gall midges identified as C. maculipennis in the previous study was supported by a 100% bootstrap value (Fig. 2) . Within the clade, there were 13 haplotypes, and the maximum genetic distances among them were 2.1%. Distances from the respective haplotypes to C. okadai ranged from 8.3 to 8.9% and those to C. viburnorum ranged from 9.4 to 10.5%.
DISCUSSION
Based on the morphological features and molecular data, we identified all gall midges obtained 281 C. maculipennis on Momordica and Dendrobium from bitter gourd in Okinawa and orchids in Fukuoka and Miyazaki as C. maculipennis. In this study, we found the damage from the gall midge to bitter gourd in only one place on Okinawa Island. This finding may indicate a possibility that bitter gourd is infested elsewhere in Okinawa, because the damage may have been overlooked due to the similarity of appearance between normal and infested flower buds of Momordica. At the moment, Momordica does not seem to be heavily infested by C. maculipennis in the field, but there is a possibility that infestation rate could reach higher levels observed in some orchid greenhouses, in which most flower buds frequently suffer from severe infestation due to the high density of C. maculipennis. We need further field surveys to evaluate the infestation rate on Momordica.
The finding of C. maculipennis on Momordica also suggests a possible occurrence of the gall midge on other known host plants than Dendrobium and Momordica in Okinawa. Those plants may provide the gall midge with reservoirs of habitat. Therefore, we have to investigate the host range of C. maculipennis in Japan, because all known host plants in Hawaii are also common in Japan. For example, hibiscus, plumeria, and jasmine have been used as ornamental plants, and tomato, pepper, and eggplant have been cultivated both in open fields and in green houses. In particular, special attention has to be paid to tomato, because C. maculipennis was studied as one of the major pests of tomato in Hawaii (Jensen, 1945) .
Because mature gall midge larvae leave the galled flower buds or flowers to drop to the ground for pupation, they could be easily transported with soil or other substrates covering the roots of Dendrobium plants in nurseries. All who are responsible for orchid growing, international trading, and inspection, are requested to pay much attention to the dangers of accidental international and internal transfer.
Once the larvae of C. maculipennis are introduced, they may readily establish themselves in warm greenhouses such as those in Miyazaki and Fukuoka Prefectures, because mature gall midge larvae can survive for 26 days at 10°C and emerge as adults (Jensen, 1950) . Because C. maculipennis is hardly eradicated after establishment, we must prevent this gall midge entering the country to avoid its infestation.
